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1
MIXED MODE SLOT ANTENNAS

BACKGROUND

Communication devices include slot antennas for the
purpose of communication. Such slot antennas generally
include a long and slim slot, formed on a metal plate, to emut
radio waves. Phones utilize the antenna for communication
with radio access networks, while communication devices
like laptops and tablets utilize the antenna for connecting to
wireless networks like Wi-Fi. Design of commumnication
devices are ever changing, and correspondingly, the design
of the slot antennas also change with change in design of the
communication devices.

BRIEF DESCRIPTION OF DRAWINGS

The detailed description 1s provided with reference to the
accompanying figures. In the figures, the left-most digit(s) of
a reference number 1dentifies the figure 1n which the refer-
ence number first appears. The same numbers are used
throughout the drawings to reference like features and
components.

FIG. 1 1llustrates examples of communication devices
implementing mixed mode slot antenna, according to an
example implementation of the present subject matter;

FIG. 2 illustrates a top view of arrangement of a mixed
mode slot antenna unit implemented 1 a commumnication
device, according to an example implementation of the
present subject matter;

FI1G. 3 illustrates a top view of various components of the
mixed mode slot antenna unit implemented 1 a display
housing, according to an example implementation of the
present subject matter; and

FI1G. 4 1llustrates an arrangement of the mixed mode slot
antenna unit, according to an example implementation of the
present subject matter.

DETAILED DESCRIPTION

The present subject matter relates to mixed mode slot
antennas for communication devices. A communication
device generally comprises of a display such as a liquid
crystal display (LCD) to project data for users. Such displays
are generally housed in a housing which holds the display
and provides support to diflerent components of the display.
For the sake of explanation, the housing i1s hereinafter
referred to as display housing.

The display housing includes a front cover and a back
cover. While the back cover 1s generally made of metal, and
the front cover of the display housing 1s made of non-
conductive material. Slots are created within the back cover
to form a slot antenna to enable the communication device
to communicate wirelessly.

In cases where the front cover of the display housing 1s
also made of metal, the radiation ethiciency of the slot
antenna 1s drastically reduced due to blockade of the radia-
tions by the metal front cover. In other words, due to
interrupted radiations of the slot antenna, performance of the
slot antenna 1s significantly degraded.

According to an example implementation of the present
subject matter, a mixed mode slot antenna for communica-
tion devices 1s described. The described mixed mode slot
antenna may allow optimum performance of slot antenna 1n
communication device comprising display housing having
metal front cover and metal back cover. On one hand the
described techniques allow improved performance of the
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2

slot antenna 1n full metal designs of the display housing, on
the other the described techmiques provides dual mode
antenna, capable of operating at different frequencies,
thereby 1increasing flexibility of operation under different
environment conditions.

In an example implementation of the present subject
matter, a device may include a display and a mixed mode
slot antenna unit housed within the display housing of the
device. The display housing may include a metal front cover
and a metal back cover, the example implantation, dual slots
may be created, say a first slot and a second slot, one on each
of the metal front cover and the metal back cover of the
display housing of the device. The slots may be created such
that each of the metal front cover and the metal back cover
may act as a slot antenna operating at a predefined fre-
quency. In an example, the metal back cover may include the
first slot and the metal front cover may include the second
slot.

The mixed mode slot antenna unit may include a first

printed circuit board (PCB) and a second PCB, such that one
PCB 1s attached with the metal front cover and the other
PCB 1s attached to the metal back cover. For example, the
first PCB may be attached to the metal back cover of the
display housing and the second PCB may be attached to the
metal front cover of the display housing.

In an example, the metal back cover including the first slot
and attached to the first PCB may form a magnetic mode slot
antenna. Similarly, the metal front cover including the
second slot and attached to the second PCB may form an
clectric mode slot antenna. It would be noted that the
magnetic mode slot antenna and the electric mode slot
antenna may operate at different frequencies, depending
upon the size, shape and location of first slot and the second
slot.

In an example implementation of the present subject
matter, the mixed mode slot antenna unit may include a
non-conductive layer attached to the first PCB on one side
and attached to the second PCB on the other side. In other
words, the mixed mode slot antenna may include a non-
conductive layer sandwiched between the first PCB layer
and the second PCB layer. The non-conductive layer may
provide insulation between the first PCB and the second
PCB. Further, each PCB may include a feed line to excite
corresponding metal front cover and the corresponding
metal back cover of the display housing.

Accordingly, based on the implementation of the
described techniques, a mixed mode slot antenna may be
formed 1n the display housing of the device. The mixed
mode slot antenna may provide flexibility of operation at
different frequencies in different environmental conditions
without any degradation 1n performance 1n all metal designs
of the display housing.

The above techniques are further described with reference
to FIG. 1 to FIG. 4. It should be noted that the description
and the figures merely illustrate the principles of the present
subject matter along with examples described herein and,
should not be construed as a limitation to the present subject
matter. It 1s thus understood that various arrangements may
be devised that, although not explicitly described or shown
herein, embody the principles of the present subject, matter.
Moreover, all statements herein reciting principles, aspects,
and implementations of the present subject matter, as well as
specific examples thereof, are intended to encompass
equivalents thereof.

FIG. 1 illustrates perspective views of communication
devices 102-1 and 102-2, each including slots 104-1 and

104-2, according to an example of the present subject matter.
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The communication devices 102-1 and 102-2 have been
together referred to as communication devices 102, herein-
after. Stmilarly the slots 104-1 and 104-2 have been com-
monly referred to as slots 104, herematter.

Each communication device 102 may include a display
housing 106 to support and hold a display 108 of the
communication device 102. The display housing 106 may
include a first metal layer 110 and a second metal layer 112.
The communication device 102 may be a stationary device
or a portable device. Further, the display housing 106 may
include a mixed mode slot antenna unit (not shown), housed
between the first metal layer 110 and the second metal layer
112.

The communication devices 102 may include, but are not
restricted to, desktop computers, laptops, smart phones,
personal digital assistants (PDAs), tablets, all-in-one com-
puters, and the like. The slots 104 included within each
communication device 102 may be of diflerent dimension
and may be located at diflerent positions. For example, the
first slot 104-1 may be included on the first metal layer 110;
while the second slot 104-2 may be included on the second
metal layer 112.

It would be noted that the slots 104 within each of the first
metal layer 110 and the second metal layer 112 may allow
the first metal layer 110 and the second metal layer 112 to act
as slot antennas when excited by corresponding resonance
frequencies. Further, since the length and width of the slot
104 may determine the resonance frequency of slot antenna,
the length, and width of the slots 104 may vary depending
on the desired frequency of operation. For example, to have
the second metal layer 112 acting as an electric mode slot
antenna and the first metal layer 110 as a magnetic mode slot
antenna, the slot 104-2 may be larger 1n length than the slot
104-1.

The display housing 106 may surround the sides, partial
front, and back surface of the display 108. The display
housing 106 may be a metal housing including the metal
front cover and the metal back cover. The display housing
106 may support the display 108 which may be implemented
as a tlat panel display, such as a liquid crystal display (LCD),
a field emission display (FED), a plasma display panel
(PDP), or an electroluminescence device (EL). The elec-
troluminescence device comprises an organic light emitting
display with organic light emitting diodes (OLED) formed
in pixels.

Further, the display 108 may also include touch sensitive
displays, such as resistive displays, capacitive displays,
acoustic wave displays, infrared (IR) displays, strain gauge
displays, optical displays, acoustic pulse recognition dis-
plays, and combinations thereof.

In an example implementation of the present subject
matter, the first metal layer 110 may be the metal back cover
of the display housing 106 and the second metal layer 112
may be the metal front cover of the display housing 106. It
would be noted that 1n another example implementation, the
first metal layer 110 may correspond to the metal front cover
and the second metal layer 112 may correspond to the metal
back cover.

The first metal layer 110 and the second metal layer 112,
forming part of the display housing 106 may be made of
metal capable of conducting and radiating electric and
magnetic energy. In an example implementation, the first
metal layer 110 and the second metal layer 112 may either
be made of same metal, or may be made of different metals.

In an example implementation of the present subject
matter, the first metal layer 110 and the second metal layer
112 may house the mixed mode slot antenna unit. The mixed
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4

mode slot antenna unit may include a couple of printed
circuit boards (PCBs) to drive the first metal layer 110 and
the second metal layer 112 as slot antennas.

The arrangement of the PCBs within the mixed mode slot
antenna unit with respect to the display housing 106 has
been further explained in reference to description of forth-

coming figures.

FIG. 2 represents a top view of an arrangement of the
mixed mode slot antenna unit, in the communication device
102. The communication device 102 may include the first
metal layer 110 and the second metal layer 112, to com-
monly house the display 108. In an example implementation
of the present subject matter, the first metal layer 110 may
represent the metal back cover of the display housing 106,
and the second metal layer 112 may represent the metal front
cover of the display housing 106. Further, the first metal
layer 110 may be disposed on one side of the surface of the
display 108, and the second metal layer 112 may be disposed
on another side of the surface of the display 108.

In an example implementation of the present subject
matter, first metal layer 110 may include the first slot 104-1
to allow the first metal layer 110 to act as a slot antenna.
Similarly, the second metal layer 112 may include the
second slot 104-2 to allow the second metal layer 112 to act
as another slot antenna. As described earlier, the length (1)
and width (not shown) of the slots 104 may determine the
operating frequency of slot antennas, and therefore, the
length and width of the slots 104 may vary depending on the
desired frequency of operation.

For example, the slots 104 may be created such that the
first metal layer 110 may act as a magnetic mode slot
antenna, while the second metal layer 112 may act as an
clectric mode slot antenna. In said example, the first slot
104-1 may be of about 50 millimeters i length and 1.5
millimeters 1 width. In similar example, the second slot
104-2 may be of about 56 millimeters i length and 1.5
millimeters 1n width.

In another example, the slots 104 may be created such that
the first metal layer 110 may act as electric mode slot
antenna, while the second metal layer 112 may act as
magnetic mode slot antenna. In such implementation, the
first slot 104-1 may be of about 56 millimeters 1n length and
1.5 millimeters 1n width. Further, the second metal layer 112
may be of about 50 millimeters 1n length and 1.5 millimeters
in width.

It would be noted that the depth (d) of each slot 104 may
be of about the thickness of each of the first metal layer 110
and the second metal layer 112. Based on the design of the
communication device 102, the depth (d) of each of the first
metal layer 110 and the second metal layer 112 may vary.
For example, the depth (d) of the first metal layer 110 may
be equal to the depth (d) of the second metal layer 112.
Correspondingly, the depth (d) of the first slot 104-1 may
also be equal to the depth (d) of the second slot 104-2. In
another example, the depth (d) of the first metal layer 110
may be diflerent than the depth (d) of the second metal layer
112, and correspondingly, the depth (d) of the first slot 104-1
may be different than the depth (d) of the second slot 104-2.

In an example implementation of the present subject
matter, the communication device 102 may include a mixed
mode slot antenna unit 202, attached to the first metal layer
110 and the second metal layer 112. In the example, the
mixed mode slot antenna unit 202 may be sandwiched
between the first metal layer 110 and the second metal layer
112 such that mixed mode slot antenna unit 202 1s housed
within the display housing 106.
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The mixed mode slot antenna unit 202 may include a first
PCB 204 and a second PCB 206, such that the first PCB 204

1s attached to the first slot 104-1 and the second PCB 206 1s
attached to the second slot 104-2. The PCBs may be
composed of any suitable circuit board material, such as a
di-electric material. By way of example, the PCBs could be
composed of SR4 maternial. In other examples, the PCBs
may be made of pre-impregnated materials, such as FR-2
(Phenolic cotton paper), FR-3 (Cotton paper and epoxy), and
FR-4 (Woven glass and epoxy). Numerous variations of
FR-4 may also be used, such as FR-408 and Polyclad
370HR. In an example implementation of the present subject
matter, the first PCB 204 and the second PCB 206 may
include printed feed lines to drive the slot antennas.

FIG. 3 represents another top view of arrangement of a
mixed mode slot antenna unit 202 implemented 1n a display
housing 106, according to an implementation of the present
subject matter. The communication device 102 may include
the first metal layer 110, the second metal layer 112, the
display 108, and the mixed mode slot antenna unit 202.

In the above described implementation, the mixed mode
slot antenna unit 202 may also include the first PCB 204 and
the second PCB 206, along with a non-conductive layer 302.
The non-conductive layer 302 may be sandwiched between
the first PCB 204 and the second PCB 206 for insulation. It
would be noted that the non-conductive layer 302 may
include any material capable of being used for the purpose
ol 1nsulation.

Further, the first PCB 204 may include a first printed feed
line 304-1 and the second PCB 206 may include a second
printed feed line 304-2. For the sake of explanation and
clanity, the first printed feed line 304-1 and the second
printed feed line 304-2 may be commonly referred to as
printed feed lines 304, hereinafter. The printed feed lines 304
may drive each slot antenna at their respective operating,
frequencies. In an example implementation of the present
subject matter, the printed feed lines 304 may be double
sided flex printed circuit (FPC) feed lines such that a single
printed feed line 304 1s used to drive both slot antennas of
the display housing 106.

In an example implementation of the present subject
matter, the FPC feed line may extend from the first PCB 204
to the second PCB 206. In said implementation, the printed
teed line may be attached to the first PCB 204 and the second
PCB 206 by a fastener, such as a spring. It would be noted
that though a spring has been mentioned to be utilized as a
tastener, other fasteners may also be utilized based on
implementation of the present subject matter.

FI1G. 4 1llustrates an arrangement of the mixed mode slot
antenna unit 202, according to an example implementation
of the present subject matter. The mixed mode slot antenna
unit 202 may include the first metal layer 110 and the second
metal layer 112 with the first slot 104-1 and the second slot
104-2, respectively.

The first slot 104-1 of the first metal layer 110 may be
attached with the first PCB 204 to form a first mode antenna.
Similarly, the second slot 104-2 of the second metal layer
112 may be attached to the second PCB 206 to form a second
mode antenna. Further, the mixed mode slot antenna unit
202 may also include a non-conductive layer 402 between
the first PCB 204 and the second PCB 206. It would be noted
that the non-conductive layer 402 may be made of any
non-conductive material, such as a dielectric to provide

insulation between the first PCB 204 and the second PCB
206.

In an example mmplementation of the present subject
matter, the mixed mode slot antenna unit 202 may also
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include ground points (not shown) disposed between the first
metal layer 110 and the second metal layer 112 to. Further,
the mixed mode slot antenna unit 202 may also include
printed feed lines corresponding to each of the PCB to drive
the first mode antenna and the second mode antenna.

Further, the first slot 104-1 of the first mode antenna may
be of about 50 millimeters in length and 1.5 millimeters in
width, such that the first mode antenna operates as a mag-
netic mode slot antenna. Furthermore, the second slot 104-2
of the second metal layer 112 may be of about 56 millimeters
in length and 1.5 millimeters in width, such that the second
mode antenna operates as an electric mode slot antenna.

In operation, the first mode antenna may be driven by a
low band current flow to generate hall wavelength slot
radiations. For example, the first mode antenna may be
driven by a frequency of about 2400 Mega Hertz (MHz) to
2500 MHz. Similarly, the second mode antenna may be
driven by a high band current flow to generate short patch
radiations. For example, the second mode antenna may be
driven by a frequency of about 5100 MHz to 5900 MHz.

Therefore, the implementation of the mixed mode slot
antenna unit with a dual slot design may provide flexibility
of operation at different range of frequencies depending
upon conditions of operation. Further, the presence of two
slot antenna 1n the mixed mode slot antenna umt provides
better performance even in all metal designs of display
housing of communication devices.

Although implementations of present subject matter have
been described in language specific to structural features
and/or methods, 1t 1s to be understood that the present
subject matter 1s not limited to the specific features or
methods described. Rather, the specific features and meth-
ods are disclosed and explained in the context of a few
implementations for the present subject matter.

What 1s claimed 1s:

1. A mixed mode slot antenna unit comprising:

a first PCB attached to, a first metal layer to form a first
mode antenna, wherein the first metal layer includes a
first slot, and wherein the first metal layer 1s a metal
back cover of a display housing corresponding to a
display;

a second PCB coupled to a second metal layer to form a
second mode antenna, wherein the second metal layer
includes a second slot, and wherein the second metal
layer 1s a metal front cover of the display housing
corresponding to the display; and

a non-conductive layer disposed between the first PCB
and the second PCB to provide insulation between the
first PCB and the second PCB.

2. The mixed mode slot antenna unit as claimed 1n claim
1, wherein the first PCB 1ncludes a first printed feed line to
drive the first mode antenna at a first frequency, and wherein
the second PCB includes a second printed feed line to drive
the second mode antenna at a second frequency.

3. The mixed mode slot antenna unit as claimed in claim
1 further comprising a fastener to fasten together the first
PCB, the non-conductive layer, and the second PCB.

4. The mixed mode slot antenna unit as claimed 1n claim
1, wherein the first slot 1s about 50 millimeters 1n length and
about 1.5 millimeters 1n breadth, and wherein the second slot
1s about 56 millimeters 1n length and about 1.5 millimeters
in breadth.

5. A communication device comprising a mixed mode slot
antenna unit for wireless communication, the communica-
tion device comprising:

a display;
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a first metal layer disposed on one side of surface of the
display, wherein the first metal layer comprises a first
slot;

a first printed circuit board (PCB) attached to the first slot
to forma magnetic mode slot antenna, wherein the
magnetic mode slot antenna 1s driven by a {first fre-
quency;

a second metal layer disposed on another side of surface
of the display, wherein the second metal layer com-
prises a second slot; and

a second PCB attached to the second slot to form an
electric mode slot antenna, wherein the electric mode
slot antenna 1s driven by a second frequency.

6. The communication device as claimed 1 claim 3
turther comprising a non-conductive layer disposed between
the first PCB and the second PCB.

7. The communication device as claimed i1n claim 6
turther comprising a fastener coupled to the second metal
layer to fasten the second metal layer with the second PCB,
the first PCB, the first metal layer, and the non-conductive
layer.

8. The communication device as claimed 1n claim 5,
wherein the first PCB includes a first printed feed line to
drive the magnetic mode slot antenna with the first fre-
quency.

9. The communication device as claimed 1n claim 5,
wherein the second PCB 1includes a second printed feed line
to drive the electric mode slot antenna with the second

frequency.

10. The communication device as claimed in claim 5,
wherein the first slot 1s about 50 millimeters 1n length and
about 1.5 millimeters in breadth.
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11. The communication device as claimed in claim 5,
wherein the second 1s about 56 millimeters 1n length and
about 1.5 millimeters 1n breadth.

12. The communication device as claimed 1n claim 5,
wherein the first metal layer, the first PCB, the second metal
layer, and the second PCB are substantially parallel to the
surface of the display.

13. The communication device as claimed 1n claim 5,
wherein the first metal layer 1s a metal back cover of a
display housing corresponding to the display, and wherein
the second metal layer 1s a metal front cover of the display
housing.

14. A display housing comprising:

a metal back cover disposed on one side of surface of a

display, herein the metal back cover includes a first slot;

a first PCB attached to the first slot to form a magnetic
mode slot antenna, wherein the first PCB includes a
first printed feed line to drive the magnetic mode slot
antenna with a {irst frequency;

a metal front cover disposed on another side of the surface
of h display, wherein the metal front cover includes a
second slot:

a second PCB attached to the second slot to form an
electric mode slot antenna, wherein the second PCB
includes a second printed feed line to drive the electric
mode slot antenna with a second frequency; and

a non-conductive layer disposed between the first PCB

and the second PC provide insulation between the first
PCB and the second PCB.

15. The display housing as claimed in claim 14 further
comprising a lastener coupled to the metal front cover to
fasten the metal front cover with the second PCB, the first

PCB, the metal back cover, and the non-conductive layer.
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